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Objective: We examined how psychotropic medications affected quantitative EEG (qEEG) results among patients with a schizo- 
phrenia-spectrum disorder. 

Methods: The drugs were clustered into nine groups depending on their mechanism. We hypothesized that drugs would affect 
the relative power shown in qEEG results independently and investigated the effect of each drug group on relative power using 
multiple linear regression analysis and independent samples /-tests. 

Results: We found that antipsychotics other than clozapine induced an increase in the relative power of alpha activity. Clozapine 
markedly increased slow waves and decreased alpha activity in the occipital area. The main findings for antidepressants and 
antiepileptic drugs were the beta increment and lithium increased the power of delta and theta activity. However, we found 
no evident changes in power due to benzodiazepine. 

Conclusion: Our results are generally consistent with previous pharmaco-EEG studies, despite some differences. Therefore, 
the EEG effect in each drug group could be singled out even under the polypharmacy condition, with the possible exception 
of benzodiazepines. Our results support using a new methodological approach to identify the qEEG effects of various psychotropic 
drugs in clinical settings. 

KEY WORDS: Pharmaco-EEG; Polypharmacy; Psychotropic drugs; Quantitative EEG; Relative power; Schizophrenia-spectrum 
disorder. 



INTRODUCTION 



plied this technique. Its potential utility includes assisting 
new drug development, monitoring adverse effects of 
medication, selecting appropriate medication, and pre- 
dicting clinical response to psychotropic drugs, 3 ' 4 ' al- 
though it is being used less now due to the development of 
functional imaging techniques such as fMRI and molec- 
ular biology. 1 ' 



A human electroencephalogram (EEG) can be affected 
by various psychotropic drugs. German physiologist and 
psychiatrist Hans Berger first described how barbiturates, 
morphine, and scopolamine affect EEG results in 1933, 
and researches about how psychotropic drugs affect EEG 
results are still being conducted. '' The quantitative EEG 
(qEEG) is a method enabling the quantitative measure- 
ment of EEG by transforming the EEG signals into numer- 
ical parameters by a mathematical processing called the 
Fast Fourier Transformation (FFT). 2 ' Since the develop- 
ment of the qEEG, many pharmaco-EEG studies have ap- 



Previous pharmaco-EEG studies of typical antipsy- 
chotics have generally produced consistent findings. 
Sedative low-potency antipsychotics such as chlorproma- 
zine increase slow waves and decrease alpha activity, 
whereas non-sedative high-potency antipsychotics such 
as haloperidol have less effect on slow waves but increase 
alpha and alpha-adjacent beta activity. 4 ' A few quantita- 
tive pharmaco-EEG studies have been conducted using 
atypical antipsychotics including risperidone, 5 ' olanza- 
pine, 6 ' amisulpride, 7 ' and aripiprazole. 8 ' These studies 
have produced less consistent results than those involving 
typical antipsychotics. In contrast, previous studies using 
clozapine, another atypical antipsychotic, have produced 
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relatively consistent findings of increased slow waves, de- 
spite some controversy about changes in alpha and beta 
activity, which might be affected by treatment duration 
and clinical response. 9 "' 2 ' 

Quantitative pharmaco-EEG studies involving anti- 
depressants have reported qEEG changes induced by the 
selective serotonin reuptake inhibitors (SSRI) parox- 
etine, 13 ' sertraline, 14 ' and fluvoxamine. 15) Some studies 
have also been conducted on the qEEG effects of anti- 
epileptic drugs 16 "' 8 ' and lithium, 19 ' 20 ' which are commonly 
used as mood stabilizers in psychiatric clinical settings. 

Most previous research about pharmaco-EEGs has in- 
volved placebo-controlled studies after the administration 
of a single test dose of medication in healthy adults or pa- 
tients with the same disease, such as schizophrenia. These 
studies are limited by their small sample size, usually 
around 20 subjects, and their acute administration of only 
a single drug. Thus, these results are difficult to apply in a 
real clinical setting where most patients are chronically 
medicated with mixtures of psychotropics. 

In this study, we investigated the effects of psycho- 
tropic drugs on qEEG results among patients who had 
been diagnosed with a schizophrenia-spectrum disorder. 
We included a sufficiently large sample size and all the 
psychotropic drugs administered to subjects. 

METHODS 

Study Subjects 

Patients aged between 15 and 65 years who had under- 
gone a qEEG at the Seoul National University Hospital 
qEEG lab between January 2009 and June 2010 were 
screened for a diagnosis of a schizophrenia- spectrum dis- 
order (i.e., schizophrenia, schizophreniform disorder, 
schizoaffective disorder, brief psychotic disorder, delu- 
sional disorder, psychotic disorder due to general medical 
condition, or psychotic disorder NOS) according to 
DSM-IV criteria. Among a total of 166 possible partic- 
ipants, four were excluded because of poor-quality re- 
cording, so the final study population included 162 
patients. 

qEEG Recordings/Processing 

EEG results were acquired using Neuroscan (Compu- 
medics Ltd., Abbotsford, VIC, Australia) with a sampling 
rate of 500 Hz and 24-bit digitization. A band-pass filter 
with a range of 0.3-30 Hz was used, and the notch filter 
was off. Each patient underwent 15 minutes of eye-closed 
resting EEG testing while seated comfortably in a quiet, 



dimly lit, temperature-controlled, electromagnetic field- 
shielded room. Vigilance was controlled by the EEG tech- 
nician alerting patients by microphone when signs of 
drowsiness (e.g., slow lateral eye movement, disappear- 
ance of alpha waves in occipital area) were observed dur- 
ing recordings. The international 10-20 electrode system 
was used to position 21 electrodes (Fpz, Fpl, Fp2, Fz, F3, 
F4, F7, F8, Cz, C3, C4, Pz, P3, P4, T3, T4, T5, T6, Oz, 01, 
02) with a mixed-ear reference. To detect artifacts in- 
duced by eyeball movement, horizontal and vertical elec- 
trooculograms were also recorded. We selected at least 10 
non-overlapping pieces of at least 15 sec continuous arti- 
fact-free recording by a manual inspection. Data con- 
sistency was confirmed by test-retest and split-half corre- 
lations > 0.95 per Neuroguide software (version 2.3.1. 
Applied Neuroscience, Inc., St. Petersburg, FL, USA). 
These clean epochs were subjected to a Fast Fourier 
Transform (FFT) algorithm to calculate absolute power in 
delta (1.5-3.5 Hz), theta (3.5-7.5 Hz), alpha (7.5-12.5 Hz), 
and beta (12.5-25.0 Hz) bands. The relative power of each 
band was calculated as the fraction of total power includ- 
ing all four bands using the same software. 

Drug Treatment 

Any drugs prescribed by psychiatrists were included in 
the analysis, with the exception of MgO, which is pre- 
scribed to relieve constipation. The drugs were clustered 
into nine groups depending on their clinical use : anti- 
psychotics other than clozapine (AP), clozapine (CLZ), 
antidepressant (AD), antiepileptic (AED), lithium (Li), 
benzodiazepine (BDZ), Zolpidem (ZPD), anticholinergics 



Table 1. Medication groups classified according to the mecha- 



nism 


Group name 


Drugs included 


AP 


Risperidone, Quetiapine, Olanzapine, Aripiprazole, 




Amisulpride, Paliperidone, Ziprasidone, Haloperidol 


CLZ 


Clozapine 


AD 


Escitalopram, Sertraline, Paroxetine, Fluoxetine, 




Bupropion, Venlafaxine, Trazodone 


AED 


Valproate, Carbamazepine, Lamotrigine, 




Topiramate, Levetiracetam 


Li 


Lithium 


BDZ 


Lorazepam, Clonazepam, Alprazolam, Diazepam 


ZPD* 


Zolpidem 


AC* 


Benztropine, Trihexyphenidyl 


PPL* 


Propranolol 



AP, antipsychotics other than clozapine; CLZ, clozapine; AD, anti- 
depressants; AED, antiepileptic drugs; Li, Lithium; BDZ, benzodiaze- 
pines; ZPD, Zolpidem; AC, anticholinergics; PPL, propranolol. 
•Results for these groups as independent variables were not 
presented. 
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(AC), and propranolol (PPL) (Table 1). We singled out 
clozapine as a separate group because clozapine has dis- 
tinctive properties compared with other antipsychotics 21 ' 
and is the most well-known antipsychotics in terms of 
pharmaco-EEG properties. 4 ' Our analysis did not include 
medications that are prescribed by clinicians other than 
psychiatrists to control other general medical conditions 
(e.g., antihypertensive drugs), but it did include anti epil- 
eptic drugs prescribed by neurologists to control epilepsy. 
We did not analyze the dosage of administered drugs nor 
the time of drug administration before recording. 

Statistics 

We hypothesized that each group of drugs would affect 
qEEG relative power independently, and conducted a 
multiple linear regression analysis with the use or non-use 
of each specific drug group by each individual patient as 
independent variables. We included all nine groups of 
medication as independent variables to increase the val- 
idity of linear regression. However, we only reported the 
results for six psychotropic groups (AP, CLZ, AD, AED, 
Li, and BDZ). 

To supplement the regression analysis, we conducted a 



secondary analysis with independent-samples Wests to 
compare mean relative powers between patients given (or 
not given) drugs from a specific group. We also conducted 
an additional analysis for clozapine, which will be de- 
scribed in more detail in the Results section. 

The results were presented using probability maps on 
which squares or circles of different colors were marked 
according to error probability. All statistical analyses were 
performed using PASW Statistics 1 8 (SPSS Inc., Chicago, 
IL, USA). 

RESULTS 

Demographic Characteristics 

Participants had a mean (SD) age of 30.8 (10.53) years. 
The group included 85 men and 77 women; 152 were 
right-handed, and 10 were left-handed. 

Medication 

Table 2 presents the number of participants in each drug 
group. Totals exceed the total number of participants be- 
cause most patients were receiving polypharmacy; we ob- 
served a tendency for polypharmacy even among drugs 



Table 2. Descriptive statistics for individual drugs 



AP (138) 



CLZ (47) 
AD (36) 



AED (29) 



Li (7) 
BDZ (108) 



Risperidone 


56 


0.50 


2.50 


1.88 


0.38 


Olanzapine 


25 


2.50 


10.00 


8.50 


2.80 


Quetiapine 


26 


25.00 


400.00 


213.46 


135.50 


Aripiprazole 


26 


5.00 


15.00 


10.58 


4.32 


Ziprasidone 


3 


80.00 


80.00 


80.00 


0.00 


Haloperidol 


3 


3.00 


10.00 


7.67 


4.04 


Amisulpride 


11 


100.00 


400.00 


336.36 


112.01 


Paliperidone 


25 


3.00 


9.00 


6.08 


2.04 


Clozapine 


47 


25.00 


100.00 


69.15 


36.94 


Escitalopram 


6 


10.00 


12.50 


10.42 


1.02 


Sertraline 


17 


50.00 


50.00 


50.00 


0.00 


Paroxetine 


4 


12.50 


20.00 


16.25 


4.33 


Fluoxetine 


6 


20.00 


20.00 


20.00 


0.00 


Fluvoxamine 


1 


50.00 


50.00 


50.00 




Bupropion 


1 


150.00 


150.00 


150.00 




Venlafaxine 


1 


75.00 


75.00 


75.00 




Mirtazapine 


2 


15.00 


30.00 


22.50 


10.61 


Trazodone 


1 


25.00 


25.00 


25.00 




Valproate 


21 


150.00 


750.00 


440.48 


137.49 


Lamotrigine 


8 


25.00 


100.00 


59.38 


35.20 


Carbamazepine 


2 


200.00 


200.00 


200.00 


0.00 


Topiramate 


2 


25.00 


25.00 


25.00 


0.00 


Levetiracetam 


1 


250.00 


250.00 


250.00 




Lithium 


7 


300.00 


300.00 


300.00 


0.00 


Lorazepam 


72 


0.50 


4.00 


0.80 


0.46 


Clonazepam 


37 


0.50 


0.50 


0.50 


0.00 


Diazepam 


6 


2.00 


9.00 


5.17 


2.23 


Alprazolam 


8 


0.25 


0.50 


0.28 


0.09 



AP, antipsychotics other than clozapine; CLZ, clozapine; AD, antidepressants; AED, antiepileptic drugs; Li, Lithium; BDZ, benzodiazepines. 
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within the same group. Nine patients received no 
medication. Table 2 also presents the number of partic- 
ipants using individual drugs and their mean dosage. 
When subjected to a correlation analysis, group AP 



showed a statistically significant negative correlation with 
group CLZ and a significant positive correlation with 
group BDZ, but no significant correlations appeared be- 
tween groups CLZ and BDZ. No significant correlations 



Table 3. 


Pearson correlation coefficient 


between medication 


groups 














AP 


CLZ 


AD 


AED 


Li 


BDZ 


AP 


Pearson correlation 


I 


-,277 f 


-.070 


.013 


.089 


.184* 




Sig. (2-tailed) 




.000 


.378 


.865 


.262 


.019 


CLZ 


Pearson correlation 


-,277 f 


1 


.059 


.063 


-.066 


.097 




Sig. (2-tailed) 


.000 




.459 


.425 


.400 


.220 


AD 


Pearson correlation 


-.070 


.059 


1 


.138 


-.041 


-.031 




Sig. (2-tailed) 


.378 


.459 




.081 


.608 


.691 


AED 


Pearson correlation 


.013 


.063 


.138 


1 


-.099 


.023 




Sig. (2-tailed) 


.865 


.425 


.081 




.209 


.774 


Li 


Pearson correlation 


.089 


-.066 


-.041 


-.099 


1 


.150 




Sig. (2-tailed) 


.262 


.400 


.608 


.209 




.056 


BDZ 


Pearson correlation 


.184* 


.097 


-.031 


.023 


.150 


1 




Sig. (2-tailed) 


.019 


.220 


.691 


.774 


.056 





AP, antipsychotics other than clozapine; CLZ, clozapine; AD, antidepressants; AED, antiepileptic drugs; Li, Lithium; BDZ, benzodiazepines. 
'Correlation is significant at p=0.05 level (2-tailed); Correlation is significant at p=0.01 level (2-tailed). 



theta 




theta 



p-value in ANOVA p-value in coefficients 

(3 p<0.01 I Increase, p<0.001 

Ol Increase, p<0.01 

p<0. 05 ] Increase, p<0. 05 
Q p<0.10 Increase, p<0. 10 

Decrease, p<0.10 
Decrease, p<0.05 
I Decrease, p<0.01 
I Decrease, p<0.001 

Fig. 1. Statistical probability maps according to multiple regression analysis. AP, antipsychotics other than clozapine; CLZ, clozapine; AD, 
antidepressants; AED, antiepileptic drugs; Li, Lithium; BDZ, benzodiazepines. 
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p-value in coefficients 

I Increase, p<0.001 
I Increase, p<0.01 
Increase, p<0.05 
Increase, p<0.10 

Decrease, p<0.10 
Decrease, p<0.05 
I Decrease, p<0.01 
I Decrease, p<0.001 

Fig. 2. Statistical probability maps according to independent samples /"-tests. AP, antipsychotics other than clozapine; CLZ, clozapine; AD, 
antidepressants; AED, antiepileptic drugs; Li, Lithium; BDZ, benzodiazepines. 



were observed among the other groups (Table 3). 

Statistical Probability Maps 

Fig. 1 presents statistical probability maps based on 
multiple regression analysis. Increased alpha relative 
power was observed for group AP but it was not clear in 
some leads (T5, P3, P4). Clozapine markedly increased 
slow waves, especially theta, and decreased beta in sev- 
eral leads. A topographical difference in alpha relative 
power appeared between temporal and occipital areas. 
Increased beta activity was the main finding for group 
AD, and increased delta activity was detected in a few 
leads (F7, T3). An increase in beta power was also ob- 
served in group AED; several EEG leads exhibited in- 
creased delta activity, and one lead (Cz) exhibited a de- 
crease in alpha activity. The lithium group exhibited a 
clear increase in the relative power of delta and theta activ- 
ity, but we did not detect any evident changes in group 
BDZ except for a solitary increase in alpha activity in T3. 



Fig. 2 presents the results of independent sample Mests. 
Similar to the results of the linear regression, we observed 
an increase in alpha relative power in group AP, but this in- 
crease was more evident than in the linear regression 
results. Increased delta and theta activity were still pro- 
nounced in group CLZ, with similar findings of decreased 
alpha activity (relatively limited to the occipital area) and 
decreased beta activity. We also found increased beta rela- 
tive power in groups AD and AED. This analysis also re- 
vealed an increase in slow-wave activity in the lithium 
group, but the increase was less significant than in the line- 
ar regression results. In summary, the results of comple- 
mentary Mests were very consistent with linear regression 
analysis results, despite a few discrepancies such as the in- 
creased slow wave activity in some leads in group BDZ. 

We conducted an additional analysis for clozapine. 
Because the correlation analysis revealed a significant 
correlation between groups CLZ and AP (Table 3), we 
needed to perform an analysis after controlling for this 
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p-value in coefficients 

I Increase, p<0.001 
I Increase, p<0.01 
Increase, p<0.05 
Increase, p<0.10 

Decrease, p<0.10 
Decrease, p<0.05 
I Decrease, p<0.01 
I Decrease, p<0.001 

Fig. 3. Relative power changes induced by clozapine in group AP. 
AP, antipsychotics other than clozapine. 

confounding factor. Therefore, we investigated mean dif- 
ferences in relative power between the clozapine use 
(N=32) and non-use groups (Af=106) within group AP 
(AT=138) using a Mest. The significant increase in delta 
and theta relative power associated with administration of 
clozapine persisted after the use of other antipsychotics 
was controlled, as did the decreased alpha activity in the 
occipital area (Fig. 3). However, the decreased beta activ- 
ity was less apparent than in the results of the preceding 
analysis, suggesting that the decrease was probably in- 
duced by the confounders. 

DISCUSSION 

In this retrospective, cross-sectional study, we inves- 
tigated how various drugs used to treat patients with schiz- 
ophrenia-spectrum disorders affected qEEG results. 

Our analyses show that clozapine induced marked in- 
creases in slow- wave activity and decreased alpha activity 
(limited to the occipital area), which supports the findings 

9 12 221 

of previous studies. ' This result indicates that drugs 
concomitantly used with clozapine do not alter the effect 
of clozapine on EEG changes. 

Our finding that antipsychotics other than clozapine 



tend to increase alpha activity has been reported in other 
studies focusing on risperidone. 4 ' 5 ' However, we did not 
observe increases in delta and theta activity, which have 
been reported by studies focusing on low-potency sedat- 
ing drugs. 4 ' 6 ' Studies have reported little or no change in 
slow-wave activity among patients treated with aripipra- 
zole, amisulpride, and haloperidol. Thus, the effects 
of specific antipsychotics appear to differ. Our AP group 
used various antipsychotics; most of these were high-po- 
tency medications, which may have resulted in the failure 
to detect increases in slow wave activity. 

The antidepressant group exhibited increased beta rela- 
tive power, a result consistent with those of studies focus- 
ing on sertraline, 14 ' 23 ' paroxetine, and fluvoxamine, 24 ' al- 
though there were some discrepancies in that the changes 
in slow-wave activity were not pronounced in our study. 
Our AD group was composed of various antidepressants 
with differing mechanisms, but because the most fre- 
quently used antidepressants were SSPJs including sertra- 
line, our results may be grossly similar to those from 
SSRIs. Therefore, the results for the AD group also 
seemed to be grossly independent of various concomitant 
medications. 

A few studies have investigated changes in qEEG re- 
sults induced by the anti epileptic drug valproate, which is 
mainly prescribed for epileptic patients. 16 ' 25 ' These studies 
have reported increases in beta activity, especially when 
the drug was used over a long period, which supports our 
findings because valproate was the antiepileptic drug 
most frequently used by our subjects. Several investiga- 
tors have reported a consistent increase in slow-wave ac- 
tivity induced by other antiepileptic drugs, 17 ' 18 ' which 
might support our finding of increased delta activity in 
some leads. 

Our analyses revealed that lithium caused a significant 
increase in slow-wave activity, which has been con- 
sistently reported in previous studies. 19 ' 20 ' 26 ' This finding 
also suggests that concomitant use of other classes of psy- 
chotropics has little effect on changes in EEG results. 

However, our results differed from those of studies re- 
porting decreased alpha activity and increased beta activ- 
ity after treatment with benzodiazepine. One possible ex- 
planation for this discrepancy is that the other medications 
might have acted as confounders. In fact, the correlation 
analysis revealed that benzodiazepine use was sig- 
nificantly correlated with use of other drugs such as 
antipsychotics. A second explanation is that an interaction 
with other drugs prevented us from finding a change that 
would have been induced if benzodiazepine were used 
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alone. Most previous studies have involved the admin- 
istration of a single dose of benzodiazepine to healthy sub- 
jects without any concomitant drugs, so it is possible that 
benzodiazepine produces different results when it is 
chronically used with other medication to relieve adverse 
events such as akathisia. 

In summary, our results are generally consistent with 
those of previous pharmaco-EEG studies, despite some 
differences. The implication of these results is that human 
EEG results are obviously affected by psychotropic drugs 
and it is possible to find these changes even when they are 
used with other medications. Because the quantitative 
pharmaco-EEG can be applied to predict a patient's clin- 
ical response to psychotropic drugs, this finding is im- 
portant because polypharmacy is now routinely used in 
clinical practice. This is the first provisional study to use 
statistical analysis to evaluate the effects of psychotropic 
drugs on quantitative EEG results. 

This study had important limitations, mostly stemming 
from its retrospective design. We could not control for 
several confounding factors such as medication that the 
subjects had taken immediately prior to obtaining qEEG 
data, nor could we control for smoking and caffeine con- 
sumption, which could also influence EEG results. 27 ' We 
had no information about patients' baseline EEG results 
or clinical conditions at the time of EEG acquisition. 
Pharmaco-EEG profiles are influenced by both short-term 
pharmacological effects of drugs and patients' long-term 
clinical responses to medication, 15 ' but we could not dis- 
criminate between them due to the lack of clinical 
information. However, most of our subjects were on the 
stable maintenance medications. Similarly the clinical in- 
formation such as symptom scores, diagnostic subtypes, 
age of onset or total duration of illness were also lacking. 
Some known information such as the subjects' sex, age 
and the handedness were not considered for the analyses. 

Despite its preliminary character, this research supports 
a new methodological approach to identify the quantita- 
tive EEG effects of various psychotropic drugs in clinical 
settings. Further prospective studies will be required to 
confirm our findings, and it will be necessary to correlate 
changes in qEEG results with each patient's clinical 
symptoms to evaluate their clinical significance. 
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